
STOP 



Early Journal Content on JSTOR, Free to Anyone in the World 

This article is one of nearly 500,000 scholarly works digitized and made freely available to everyone in 
the world by JSTOR. 

Known as the Early Journal Content, this set of works include research articles, news, letters, and other 
writings published in more than 200 of the oldest leading academic journals. The works date from the 
mid-seventeenth to the early twentieth centuries. 

We encourage people to read and share the Early Journal Content openly and to tell others that this 
resource exists. People may post this content online or redistribute in any way for non-commercial 
purposes. 

Read more about Early Journal Content at http://about.jstor.org/participate-jstor/individuals/early- 
journal-content . 



JSTOR is a digital library of academic journals, books, and primary source objects. JSTOR helps people 
discover, use, and build upon a wide range of content through a powerful research and teaching 
platform, and preserves this content for future generations. JSTOR is part of ITHAKA, a not-for-profit 
organization that also includes Ithaka S+R and Portico. For more information about JSTOR, please 
contact support@jstor.org. 



THE MECHANISM OF ROOT PRESSURE AND ITS RELATION 

TO SAP FLOW 1 

James Bertram Overton 

(Received for publication January 21, 192 1) 

The important r61e played by osmotic pressure in plants is well recog- 
nized. Plant physiologists assume that osmotic pressure in the peripheral 
cells of the root is in some way connected with the process by which sap 
is continuously supplied to the xylem vessels, and the complex conditions 
controlling the movement of water from the soil through the root to the 
vessels are passed over by the use of the phrase "root pressure." Most of 
us are familiar with the contributions of Dixon, supported by the rather 
brilliant work of Renner, that water passes through the roots to the leaves 
because the leaves tend to dry out due to water being abstracted from them 
by evaporation, resulting in the water in the vessels passing into a state 
of tension, which is transmitted equally in all directions. This condition 
obtains unless root pressure or atmospheric pressure or both is forcing water 
up the stem more rapidly than it evaporates. 

The cohesion theory of sap flow has received much attention and has 
been supported by considerable evidence. Transpiration or growth ap- 
pears to produce an increase in the "saturation deficit" (Renner) or "in- 
cipient drying" (Livingston) in the exposed leaf cell waifs which is followed 
by a corresponding increase in the saturation deficit in all the cells abutting 
upon the intercellular spaces of the leaf. Dixon points out that this con- 
dition is a sufficient cause for the entrance of water into the root and its 
passage through the root periphery. Renner has shown that the water- 
absorbing power of the root is directly related to the saturation deficit in 
the leaves above, and that the root's absorbing power appears to be directly 
referable to the tendency of the exposed cell walls of the root to dry out 
on account of passage of water to other parts of the plant. According to 
his view, during transpiration the root is rendered flaccid and therefore 
able to absorb water, although root pressure and passive absorption may 
under certain conditions work in combination. 

Dixon holds that the entry of water into the root depends upon the 
gradient of pressure as we pass from the outside of the root to the inside of 
the tracheae, there being a fall of pressure due to the continuous water all 
the way up the stem to the leaves; thus the flow of water up the highest 
trees is due to the evaporation and condensation produced by the difference 
between the vapor pressure in the soil spaces and that obtaining around the 

1 Invitation paper read before the Physiological Section of the Botanical Society of 
America, in the symposium on biophysics, at Chicago, December 28, 1920. 
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leaves, and the tensile water flows under the action of this difference from 
end to end of the plant. The tensile stress transmitted to the root has the 
ultimate effect of drying out the root surface, and the gradient of pressure, 
which causes the passage of water from the soil into the root, is referable 
to the concave menisci formed in the cell walls of the root periphery due to 
the tension in the sap. 

According to the above-outlined picture it would appear that in the 
absence of root pressure the passage of water from the soil into the root 
periphery is purely passive, the root acting merely as a filter in water intake, 
a view, however, to which Jost raises objections, although it has been shown 
that much water may be taken in by dead roots and that roots of transpiring 
plants can absorb water from solutions of high osmotic pressures. Con- 
cerning the mechanics of root absorption, however, we know comparatively 
little on account of the difficulties of observation, and little is actually 
known about the forces which are operative in the passage of water from 
the soil through the root into the vessels in sufficient quantity to supply the 
transpiration needs. 

Root pressure is not generally considered as important in causing the 
ascent of sap through the stem. The presence of a negative gas pressure 
in the vessels shows that the water is not being forced up from below, and 
root pressure is lowest when transpiration is most active and highest when 
water movement in the stem is slowest. Dixon regards the function of 
root pressure to be a periodic flooding of the vessels with water, tending to 
bring the gas bubbles into solution and to reestablish conditions for tension 
throughout the water tracts, the influence of root pressure in sap flow being 
an indirect one. The importance of osmotic phenomena in the root as 
far as water is concerned remains to be determined. It has been suggested 
by Livingston and Pulling that root pressure is mainly effective in main- 
taining the form of the roots and their contact with the water films of the 
surrounding soil. It has been shown that the rate of water absorption by 
roots is not proportional to the osmotic pressure of the root cells and that 
they can operate equally well with high or low turgidity so long as they 
are not deformed. 

The exudation of liquid water from passive hydathodes, such as in 
Colocasia, and the secretion of water and solutes from wounds, show that 
the roots of many plants under certain conditions can develop considerable 
pressure. Whether or not it is admitted that sap pressure functions in 
sap flow, it seems certain that root cells are able to take in water and solutes 
and to pass them on to the xylem. Atkins holds that the cortical cells of 
the root have a much higher osmotic pressure than the tracheae and that 
they function as a complex semi-permeable membrane. It is evident that 
sap pressure, whether in roots or elsewhere, depends upon osmotic phenom- 
ena. It would appear from a survey of the literature that sap movement 
in roots is to be explained in the same way as the action of glands and hyda- 
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thodes, and that there exists the unilateral secretion of water and solutes 
from the root parenchyma into the vessels, which is an osmotic phenom- 
enon. The question arises as to how such a unilateral excretion can take 
place from a turgescent cell. 

Pfeffer first pointed out the necessity of investigating experimentally 
the secretion of water and solutes in one-celled plants as a basis for under- 
standing the phenomena in hydathodes. This Lepeschkin has done, and 
on the basis of experiments he explains the continuous secretion of water 
and solutes by Pilobolus by assuming a different semi-permeability on the 
upper and lower sides of the cell. He finds that the lower or absorbing 
part of the sporangiophore may possess a greater osmotic pressure than the 
upper or secreting portion, and adopts Pfeffer's assumption that, if the cell 
sap at different points in the cell has different concentrations, the inflow 
must exceed the outflow until an equality is reached between the sides, 
so that there results a unilateral exudation of water through the upper, 
more permeable, membrane, brought about by a pressure corresponding 
to the difference in concentration on the two sides of the cell. The same 
holds true for the epidermal secreting structures of phanerogams and ferns. 

Pfeffer's scheme assumes an unequal distribution of osmotic material 
in the protoplasm, the concentration being greatest in that part of the cell 
which is richest in osmotic substances. Lepeschkin has actually deter- 
mined that such a condition obtains in Pilobolus, which indicates in this 
case that the two opposite ends of the cell are chemically and physically 
different. We should, therefore, expect that the water-absorbing and the 
water-holding capacity of the two sides of the cell would be different. 
Copeland actually constructed a piece of apparatus by which a current of 
water is maintained through an artificial cell by using membranes unequally 
permeable, thus proving Pfeffer's assumption, and holds that it is possible 
for the osmotically active substances in a cell to exert different pressures 
in different directions if the protoplasm is permeable to these substances 
in different degrees in different parts. Copeland points out that root 
pressure must be due to the same process, and that in order for root pressure 
to be caused in this way the protoplasm must be permeable to the osmotically 
active matter of the cell sap to a different degree in different parts of itself. 

On the basis of Lepeschkin 's results and of some of his own, Priestly 
recently attempts to explain the movement of water and solutes through 
the root and their excretion into the xylem vessels. He points out, as 
has been suggested by Atkins, that on account of sugar being brought down 
from the leaves by the vascular elements, the sap of the cells bordering on 
the vessels will tend to be more concentrated than that of the cells further 
out, and an osmotic gradient will be established from these cells through 
the root parenchyma to the root periphery. As a result of this osmotic 
gradient, water will enter at the periphery and pass toward the center, 
gradually distending the cells of the parenchyma of the vascular cylinder. 
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The parenchyma within the endodermis, being confined, is limited in ex- 
tensibility on account of the structure of the endodermal cells. A strong 
hydrostatic pressure will therefore develop in this core of cells, sufficient 
to cause an excretion of water and solutes into the xylem vessels so long 
as the osmotic gradient obtains. When the water and solutes enter the 
xylem they are free to move upward in the vessels. Water may leak back- 
ward as far as the endodermis but no further on account of the suberized 
walls of the endodermis, which structure has been shown to prevent such a 
backward leakage. Priestly shows that the apical region of the root does 
not permit a backward leakage. 

This explanation of root absorption and secretion offers some difficulties. 
Priestly points out that it is difficult to understand how the necessary 
solutes can be provided in sufficient quantities to permit a constant flow 
of water across the inner membranes of the cells next to the xylem vessels, 
where a considerable amount of water may pass upward. On the basis of 
Lepeschkin's results, Priestly suggests that such solutes might be either 
organic or inorganic, and that in the root they are organic, either sugars 
or, more probably, organic acids derived from sugars, and cites Atkins' 
results as to the presence of sugar in the ascending sap. Curtis, however, 
holds that the xylem does not serve for longitudinal translocation of carbo- 
hydrates. 

In harmony with Bayliss, Priestly suggests that normal semi-permeabil- 
ity to glucose is a function of the difference in concentration on the two 
sides of the membrane, so that an accumulation or a dilution of sugar within 
the cells bordering on the xylem vessels might lead to a change of permea- 
bility in these cells and result in rendering the plasma membrane on the 
inner side temporarily permeable to sugar, and thus in an intermittent 
excretion into the xylem vessels. As Priestly suggests, the process, al- 
though intermittent, would appear as a continuous one in root pressure, 
due to the combined activity of many cells. 

Flood finds that the exudation of water from Colocasia leaves does not 
depend upon any special secretion tissue in the leaves, but that the phenom- 
enon rests upon the action of cells lower down, probably in the root. Dur- 
ing its passage upward from the roots until its exudation, the water passes 
through no filtration membranes. The water exuded is almost free from 
solutes as has been shown by Atkins. If we assume that solutes are ex- 
creted into the xylem along with the water, the question arises as to what 
becomes of these solutes in the case of Colocasia. Priestly suggests that 
they are adsorbed during their passage upward by the protoplasts surround- 
ing the vessels. 

Transpiration has by some been looked upon as a function on the sup- 
position that it is useful in concentrating the salts brought to the leaves, 
a supposition to which certain workers object on the ground that this 
assumption carries with it the further assumption that water in the vessels 
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carries the solutes along with it. These assumptions are held to contradict 
theory and observation on osmotic movement. The general conception 
of the function of the xylem is that, in times when water is abundant, it 
carries the inorganic substances to the leaves; but Atkins finds that sugars 
are at all times present in the sap of the vessels, usually in greater quantities 
than the electrolytes. Therefore, the vessels should be regarded as trans- 
ferring both water and solutes, organic as well as inorganic. This view, 
however, is opposed to that of Curtis, who suggests that the interposition of 
living cells across conducting tubes may prevent a flow of solution, and that 
water may normally flow largely by diffusion. 

It has, however, been shown that with the possible exception of Colocasia 
secretions contain both electrolytes and non-electrolytes. 

An attempt has been made in this discussion to explain the entrance 
of water and solutes into the vessels in the presence of root pressure. From 
a physical point of view it is difficult to conceive why solutes should not be 
carried with the transpiration current once they enter the vessels. If, 
in the absence of root pressure, and when there exists a negative pressure 
in the vessels, water enters the root by filtration, it is also conceivable that 
soil solutes may also enter along with the water unless some mechanism 
exists in the root to check their entrance. Curtis, however, holds that there 
is no flow of solution from the soil into the root, and that the amount of 
water absorbed bears no relation to the amount of solutes absorbed. Pfeffer 
states that 

A substance imbibed by the cellulose cell walls may reach the center of a tissue with- 
out having penetrated a single protoplast. It is indeed possible that the water and salts 
absorbed by the roots pass mainly, if not entirely, through either the cell walls of living 
cells or the walls and cavities of dead wood fibers, etc., so that only on reaching the crown 
of the tree do they penetrate the protoplasts of the actively growing tissues localized there. 

If we admit that soil solutes enter the vessels either by filtration or by 
excretion or both, and are carried to the leaves by the transpiration current, 
some provision must be conceived to prevent their too great concentration 
in the leaf cells, otherwise in the course of a transpiring season the leaves 
would become rigid with salt. Possibly the endodermis may function in 
controlling the entrance of soil solutes as well as in preventing the backward 
leakage of water and solutes from the root. Some evidence already exists 
to support this view, as substances which cannot penetrate the endodermis 
do not penetrate into the vascular cylinder of the root. In fact, De Rufz 
de Lavison shows that the suberized walls of endodermal cells are im- 
permeable, that all solutes which enter the vascular cylinder of the root are 
forced to pass through the protoplasm of the endodermis, and also that 
cellulose cell walls of the root tip are of such a character that only such 
solutes enter this region as are able to penetrate the protoplasm. The 
supposition is, therefore, that the quantity and quality of solutes which 
penetrate into the root depend upon a sort of filtration across the protoplasm 
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of the endodermis and that of the root tip. It may be that in the absence 
of root pressure and in the presence of a negative pressure in the vessels, 
water and solutes may pass through the endodermis and through the root 
tip in a purely physical manner. Evidence also exists to support the view 
that certain amounts of salts are concentrated in the leaves, and it is possible 
that these salts are thrown out of solution by the protoplasm so as not to 
upset the osmotic relation of the cells. The assumption that solutes are 
adsorbed by the living protoplasts accompanying the vessels is also sug- 
gestive. 

Whatever ma)' be the mechanism of the entrance of solutes into the 
root and of their passage into vessels, it would appear that the problems 
here stated are worthy of serious and careful investigation. 
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